A new type of ultradense logic based on single-electron tunneling is considered. The basic element is a short chain of conducting islands which shows bistable polarization and affects the polarization of neighboring chains. The power is supplied by alternating electric field.
Single-electron effects in systems of small-capacitance tunnel junctions can possibly be used as the physical basis for a new generation of ultradense digital electronics ]. Two basic types of ultradense single-electron memory and logic have been discussed in the literature. The first way (see Ref. [2] and references therein) is to use single-electron transistors instead of field-effect transistors in digital circuits similar to conventional digital electronics. Another approach is to code information by the presence of an extra electron on a particular conducting island.
Both approaches require wires for the power supply and for coupling between elements, and that seems to be inconvenient at the few-nanometer scale. The wires are not required in a suggestion of Ref. [3] (see also Ref. [4] ) in which the bistable polarization of the basic element and the local interactions between neighboring elements are used. In this approach there is no power supply, and the only driving force is the fixed polarization of "edge" elements (so-called "ground state computing"). The difficulties of "ground state computing" originate from the fact that even for a large number of elements in a circuit the total energy gain is only of the order of one element-39 element interaction energy. To provide the sequential switching of elements, this energy gain should be distributed among all switching events. This requires complicated design, leads to very low parameter margins, and allows only small circuits.
The single-electron logic considered in the present paper (see also Ref. [5] ) combines the good features of suggestions mentioned above. Similar to systems suggested in Refs. [3, 4] (Fig. b) .
A "bi-controlled" chain (fifth from the right in Fig.  2a ) which can be triggered by the polarization of either of two neighboring input chains can be used as the basic part of the logical gate OR.
The logical gate AND can be designed similar to the OR gate, but with slightly larger distance between the "bi-controlled" chain and the neighboring input chains, in order to decrease their influence. Another possibility is to make the islands of "bi-controlled" chain slightly smaller in order to increase the Coulomb blockade energy.
Because of the asymmetry between logical zero and unity the design of the inverter (NOT gate) is relatively complex. The circuit shown in Fig. 2b single-electron tunneling (resistance R between neighboring islands was assumed to be much larger than RQ rh/2e2). The capacitance matrix for spherical islands was calculated numerically using the method of multiple electrostatic images. For each initial charge the positions and magnitudes of image charges in all islands were calculated, then for each image all images of the next generation were calculated, and so on until the desired accuracy is reached (typically, 10-20 iterations were necessary). Because of the large number of islands in a simulated circuit (typically, more than 100), the number of images grows very fast. To solve this problem, only the total charge and the total dipole momentum of sufficiently small image charges inside a sphere were stored.
The distance between centers of neighboring islands in a chain was taken to be /2 times larger than the island diameter. Background charges were assumed to be zero. According to the results of simulation, the correct operation of all gates requires that the magnitude of external field E lies within 5% margin [5] . This number gives also a crude estimate of the margins for other parameters (fluctuations of radii, spacings, etc.)
Considered logical gates together with propagation lines and fan-out circuits, are sufficient for computing. In the simplest mode of operation, all chains inside a device have zero polarization and external field is zero in the initial state. Then external field increases up to a value for which all gates operate correctly, and elements start to switch in accordance with the input information flowing from the edges of the device. The result of the computation is the final polarization of output elements which can be read out, for example, by single-electron transistors. This simplest mode of operation can obviously be improved by the use of periodic changes of the external field ("clock cycles"). Properly chosen levels of the field can reset some elements but preserve the information in other elements.
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